Abstract
INTRODUCTION

32
Festuca L. is one of the largest genera in Poaceae in temperate regions of the world turf grasses in a wide range of soil and climatic conditions. When exposed to low-water 35 conditions, Festuca arundinacea Schreb. was considered to be more drought tolerant 36 than seven other grass species due to it having a lower rate of leaf expansion, higher 37 root number, and greater root weight (Wilman et al. 1998 ). Although F. arundinacea is 
45
Nicotinamide adenine dinucleotide phosphate (NADPH) oxidases (NOX), also 46 known as respiratory burst oxidases (RBO), is a protein complex that catalyzes the 47 production of superoxide, a type of reactive oxygen species (ROS) (Takahashi, 2012) .
48
Reactive oxygen species have been shown to play many important roles in signaling and 49 development in plants, such as plant defense response, cell death, stomatal closure, and 50 3 abiotic stress (Wong et al. 2007 ). In Arabidopsis, 10 Rboh genes have been identified, Rboh gene isolated from a plant (Groom et al. 1996) . Consequently, Rboh genes have 54 been isolated from several plant species including Arabidopsis, tobacco (Nicotiana 55 tabacum L.) and potato (Solanum tuberosum L.) (Yoshioka, 2003) .
56
Plants have evolved mechanisms of ROS generation as signaling for rapid cell-to- 
MATERIAL AND METHODS
96
Evaluation of Populations: Sixteen entries were evaluated in germination study.
97
Seeds of 14 wild F. arundinacea populations were collected from cold, arid and 98 semiarid regions throughout Iran. In addition, two commercial cultivars ('Barvado' and 99 'Barleroy') from Barenbrug Holding B.V. in Netherlands were used as controls.
100
Descriptions of collection sites and seed characteristics can be found in Rohollahi et al. (Table   148 2), were used for the cloning of the RbohD core DNA fragment. The forward and (Table 2 ) and LA Taq DNA polymerase (TaKaRa Bio Inc., Shiga, Japan). 
to the control, leaf H2O2 content increased 36, 41, and 40% in leaves of treated 'Quchan' 206 plants after 3, 6 , and 9 days of water deprivation, respectively (Fig. 1 A, B, and C) .
207
Also, leaf H2O2 content in 'Isfahan' increased by 20% under drought stress after 6 days 208 of withholding water relative to the control (Fig. 1 B) . In addition, after 3 days without 209 water, 'Quchan' showed higher H2O2 levels under drought stress compared to the 210 'Isfahan' genotype. Also, leaf H2O2 content decreased in 'Barvado' under drought 211 stress compared to the control. Catalase activity significantly increased in 'Quchan' 212 under the non-irrigated treatment compared to the control (Fig. 1 D, E and F) . 'Quchan' 213 also showed the highest amount of catalase activity at all drought levels compared to
214
'Isfahan' and 'Barvado' (Fig. 1D, E and F) . Catalase activity substantively decreased in 215 'Isfahan' under drought stress compared to the control (Fig. 1D, E and F) .
216
Total leaf protein content in 'Isfahan' increased 9 days after withholding water 217 relative to the control, but it decreased in 'Quchan' and 'Barvado' under drought stress 218 compared to the control (Fig. 2 C) . Total leaf carbohydrate increased in 'Isfahan' 37, 34 219 and 47%, respectively 3, 6, and 9 days after no irrigation relative to the control (Fig. 2 D, 
220
E and F). In addition, 'Isfahan' showed significantly the highest amount of carbohydrate 221 3 and 9 days after water deprivation compared to 'Quchan' and 'Barvado' under 222 drought stress (Fig. 2 D, E and F) . 
FrbohD Gene Expression under Drought Stress
233
FrbohD expression in both leaves and shoots was observed at 3, 6 and 9 days after 234 withholding water (Fig. 3 A-F) . In leaves of 'Quchan', FrbohD expression levels 235 increased 2.2-fold after 3 days without water (Fig.3 A) , followed by a 1.4-fold-increase 236 9 days without water relative to the control (Fig. 3 C) . Moreover, expression levels 237 increased at 6 and 9 days after water deprivation in stem samples of 'Quchan' compared 238 to the control ( Fig. 3E and F) . On the other hand, 'Isfahan' showed low expression 239 levels of FrbohD in leaves and stems under drought stress (Fig 3 D-F) . No differences 240 in the gene expression levels were detected in the leaves of 'Barvado' with the 241 exception of FrbohD expression in stems after 6 days without water (Fig. 3 E) . 
246
DISCUSSION
247
In the initial germination study, we found that SVI and FE of the drought-tolerant 248 genotype "Isfhan" were the highest under lower soil moisture levels (Table 1) to the control (Fig 1. A, B, C Based on our results, carbohydrate and protein content increased significantly in 281 'Isfahan' relative to control after 9 days without water (Fig. 2 C, D) . Increases in H2O2 282 content, total carbohydrates, and sucrose content in F. arundinacea under drought stress 
289
In summary, our work revealed significant variation among F. arundinacea 290 genotypes from different ecological regions of Iran in response to low soil water content.
291
The 'Isfahan' genotype exhibited the best emergence, growth, and SVI under drought 
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